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Mechanical  properties  of  four  types  of  alluvium  were  evaluated  under  cvcled 
hydrostatic  compression,  cycled  uniaxial  strain,  triaxial  compression,  and  con¬ 
trolled  strain  path  loading  conditions.  The  materials  that  were  tested  consisted 
of  remolded  soil  similar  to  that  found  in  portions  of  Nellis  Air  Force  Range, 
Nevada,  undisturbed  soil  core  from  the  DIRECT  COURSE  test  site  at  the  White  Sands 
Missile  Range,  New  Mexico,  and  both  remolded  soil  and  undisturbed  soil  core  from 
the  CARES-Drv  test  site  at  the  Luke  Bombing  and  Gunnerv  Range,  Arizona.  ^  r 

The  remolded  samples  were  compacted  to  a  specified  density  of  1.9  g/cm  at  a1 
specified  moisture  content  of  6  percent  by  weight.  These  samples  consistently 
showed  evidence  of  achieving  full  saturation  at  mean  normal  stresses  of  10U  to 
200  MPa.  The  undisturbed  CARES-Drv  cores  had  lower  moisture  contents  and  the 
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19.  ABSTRACT  (Continued) 


undisturbed  DIRECT  COURSE  cores  had  higher  void  ratios  (indicated  by  lower 
sample  densities)  and  neither  materiaL  showed  signs  of  achieving  full  satura¬ 
tion  during  the  tests.  Material  behavior  is  therefore  critically  dependent 
on  dry  density  and  air  voids  within  pressure  regimes  tested,  and  these  factor 
should  be  evaluated  before  selection  of  material  properties  for  modeling. 

t 


SEC.aiTY  CLA»lf'CAT'OH  Qt  rms 

UNCLASSIFIED 


SUMMARY 


The  testing  program  revealed  significant  differences  in  tne  mechanical 
behavior  between  remolded  and  undisturbed  alluvial  soils.  The  specified 
remolding  procedure  resulted  in  higher  water  saturations,  apparently  causing 
the  remolded  specimens  to  become  fully  saturated  at  volumetric  strains  of  15- 
20{.  Consequently,  remolded  strengths  tended  to  be  low,  and  post-saturation 
stiffnesses  were  high.  The  undisturbed  specimens  did  not  become  fully  satur¬ 
ated  and  therefore  had  larger  strengths  than  the  remolded  materials,  although 
they  displayed  greater  variability. 

The  results  of  the  cycled  hydrostatic  compression  tests  snow  notably 
different  strain  behavior  between  the  remolded  and  undisturbed  samples.  Above 
100  MPa  confining  pressure,  the  remolded  samples  consistently  had  much  stiffer 
responses  than  the  undisturbed  samples.  The  remolded  specimens  had  similar 
densities  and  moisture  contents  and  likewise  exhibited  similar  compaction 
properties  through  the  entire  range  of  confining  stresses.  The  undisturbed 
specimens  exhibited  a  wide  range  of  volumetric  strains  during  hydrostatic 
loading. 

In  the  uniaxial  strain  tests,  plots  of  the  principal  stress  difference 
versus  the  mean  normal  stress  indicate  that  the  maximum  stress  difference  is 
generally  attained  during  the  first  cycle  to  50  MPa  confining  pressure  for  the 
remolded  samples,  at  which  point  full  saturation  apparently  occurs.  In  all 
subsequent  cycles,  the  loading  slopes  are  generally  shallower  and  the  maximum 
stress  differences  are  slightly  smaller  than  the  first  loading.  The  fact  that 
subsequent  maximum  stress  differences  .ire  approximately  the  same  level  prob¬ 
ably  is  an  indication  that  the  effective  stress  is  unchanging  once  the  sample 
reaches  full  saturation.  The  undisturbed  samples  typically  have  lower  mois¬ 
ture  contents  and  continually  support  larger  deviatoric  stresses  during  cyc¬ 
ling  to  higher  confining  pressures. 

Results  of  the  triaxial  compression  tests  indicate  tru.t  the  shear 
strength  of  the  remolded  alluvium  is  not  significantly  affected  by  an  increase 
in  the  confining  pressure  after  tne  samples  approach  full  saturation  and  fie 
effective  stress  becomes  nearly  constant. 


>v 


& 


The  undisturbed  samples  are  significantly  stronger  than  the  remolded 
samples.  At  confining  stresses  of  50  and  100  MPa,  the  yield  strengths  are 
quite  comparable  between  the  UDC  and  UWS  samples,  but  at  200  MPa  confining 
stress,  there  are  major  differences  in  the  strengths.  The  3ingle  UDC  sample 
tested  at  200  MPa  confining  stress  appears  to  be  abnormally  weak  compared  to 
the  tests  at  50  and  100  MPa,  and  the  results  should  probably  be  discounted. 
The  two  UWS  specimens  tested  at  200  MPa  did  not  actually  fail  before  the 
limits  of  the  axial  strain  transducers  were  reached. 

The  strain  path  tests  were  performed  in  a  relatively  low  stress  regime 
compared  to  the  conventional  mechanical  tests.  Results  of  the  strain  path 
tests  show  an  overall  qualitative  similarity  among  the  four  material  types. 
Within  the  material  groups,  the  stresses  and  strains  were  quantitatively 
similar  as  well.  In  general,  the  MV  sand  tends  to  have  a  stiffer  response 
than  the  other  three  materials.  Also,  the  UDC  was  found  to  be  stiffer  than 
the  RDC  and  is  similar  to  the  UWS  material. 

Particular  difficulties  were  encountered  in  completing  strain  paths  2A 
and  2B .  In  ail  type  2  strain  path  tests,  samples  encountered  a  region  where 
it  was  not  physicaily  possible  for  the  test  materials  to  follow  the  strain 
paths  since  they  required  the  specimens  to  rebound  from  unloading  to  a  degree 
which  they  could  not.  This  may  indicate  that  the  calculation  of  the  strain 
path  was  based  on  an  untenable  material  model,  that  the  empirical  data  from 
field  tests  used  for  constructing  the  paths  may  have  been  subject  to  measure¬ 
ment  error,  or  that  these  materials  differ  significantly  from  the  materials  on 
which  the  strain  path  was  based. 
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CONVERSION  FACTORS  AND  EQUIVALENT  UNITS  FOR 
METRIC  (SI)  TO  U.S.  CUSTOMARY  UNITS  OF  MEASUREMENT 


Multiply  - -  by  - — - — - -  To  Get 

To  Get  « -  by  * -  Divide 


meter 

39.370 

inch 

Kilo  pascal 

0. 1*45 

pound-force/inch 

Ki logram/meter3 

62.  *J3x10~3 

pound-mass/ inchJ 

1  meter 

»  1  x  103  millimeter 

=  39.370  inch 

1  Kilo  pascal 

=  1  x  10'3  Mega  pascal 

=  0.1*45  pound-foree/inch 

1  Ki logram/meter 3  =  1  x  10~3  gram/oenti meter3  =  62. *43x1  0  3  pound-mass/ inch3 
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SECTION  1 
INTRODUCTION 


This  report  documents  the  results  of  a  laboratory  test  program  that  was 
performed  for  the  Defense  Nuclear  Agency  under  the  general  direction  of  the 
U.S.  Army  Engineer  Waterways  Experiment  Station  (WES).  The  purpose  of  the 
testing  program  was  to  assist  in  character izing  tne  mechanical  properties  of 
alluvium  similar  to  that  found  at  Nellis  Air  Force  Range,  Nevada,  Luke  Bombing 
and  Gunnery  Range,  Arizona,  and  White  Sands  Missile  Range,  New  Mexico. 

Material  descriptions,  test  procedures,  and  results  are  discussed  in 
subsequent  sections  of  this  report.  The  testing  program  consisted  of  cycled 
hydrostatic  compression,  cycled  uniaxial  strain,  triaxial  compression,  and 
strain  path  tests. 


.  *«  v  N  . 


I  i.l-t.1  1-1  . 


i.i  t.»  4.>  i.»  ui  ^-«  m  atm  m 


SECTION  2 

MATERIAL  DESCRIPTIONS 


Four  soil  types,  consisting  of  both  processed  soils  and  undisturbed  core, 
were  supplied  by  WES  for  the  test  program.  The  materials  were:  processed 
Nellis  Baseline  sand,  which  is  a  mixture  of  30iis  gathered  throughout  Ralston 
Valley,  Nevada,  tnat  was  olended  oy  personnel  of  the  WES  Geomecnanics  Division 
such  that  its  gradation  would  be  similar  to  that  encountered  in  the  southeast¬ 
ern  part  of  the  valley  within  tne  Nellis  Air  Force  Range;  undisturbed  soil 
cores  from  the  DIRECT  COURSE  test  site  at  the  White  Sands  Missile  Range;  and 
both  processed  soils  and  undisturbed  soil  cores  from  the  CARES-Dry  test  site 
at  tne  Luxe  Bombing  and  Gunnery  Range. 

Soil  classification  and  index  tests  were  conducted  by  personnel  of  tne 
WES  Geotechnical  Laboratory  to  determine  grain  size  distributions,  Atterberg 
limits,  and  specific  gravities.  Standard  and  modified  compaction  tests  were 
also  performed  on  the  processed  Nellis  Baseline  and  CARES-Dry  sand  samples. 
This  information  was  used  oy  WES  to  classify  tne  materials  according  to  tne 
Unified  Soil  Classification  System  (USCS). 

The  Nelli3  Baseline  sand  mixture  is  classified  as  a  brown,  well  graded, 
clayey  sand  (SW-SC)  that  contains  about  10  percent  fines  (clay  and  silt)  by 
weight.  The  particle  size  distribution  is  presented  in  Figure  1.  Standard 
Proctor  compaction  tests  indicated  a  maximum  dry  density  of  about  l  .37  g/cm^ 
at  an  optimum  water  content  of  about  12  percent.  Modified  Proctor  compaction 
test  results  indicated  a  maximum  dry  density  of  about  1 .99  g/cra^  at  an  optimum 
water  content  of  about  9.1  percent.1  The  specific  gravity  and  Atterberg 
limits  are  given  in  Table  1 . 

The  processed  CARES-Dry  sand  is  classified  as  a  brown  clayey  sand  (SC) 
that  contains  about  33  percent  fines  by  weight.  The  particle  size  distribution 
is  shown  in  Figure  2.  The  results  of  the  standard  Proctor  compaction  tests 
indicated  a  maximum  dry  density  of  about  1.95  g/cm^  at  an  optimum  water  con¬ 
tent  of  about  11.6  percent,  and  modified  Proctor  compaction  test  results 
indicated  a  maximum  dry  density  of  about  2.11  g/cm^  at  an  optimum  water  eon- 

1.  J.D.  Cargile,  1986,  "Laboratory  Test  Results  for  Nellis  Baseline  Sand," 
Technical  Report  SL-86-15,  September  1986,  U.S.  Army  Engineer  Waterways 
Experiment  Station,  Vicxsburg,  MS,  p.  10. 
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Table  1.  Specific  gravity  and  Atterberg  limits  for  remolded  Nellis 
Baseline  sand,  remolded  and  undisturbed  CARES-Dry  sand  and 
undisturbed  DIRECT  COURSE  sand. 


Sand 

Specific  Gravity 
of  Soil  Solids 

Liquid 

Limit 

(LL) 

Plastic 

Limit 

(PL) 

Plasticity 

Index 

(PI) 

— 

uses 

Classification 

NV1 

2.62 

22 

14 

8 

SW/SC 

RDC2 

2.67 

36 

17 

19 

SC 

UDC2 

2.68 

37 

16 

21 

SC 

UWS3 

2.81 

27 

16 

1 1 

SC/CL 

NV  ■  -  Remolded  Nellis  Baseline  Sand 
RDC  -  Remolded  CARES-Dry  Sand 
UDC  -  Undisturbed  CARES-Dry  Sand 
UWS  -  Undisturbed  DIRECT  COURSE  Sand 


1.  Cargile,  J.D.,  1986,  "Laboratory  Test  Results  for  Nellis  Baseline  Sand," 
Technical  Report  SL-86-15,  September  1986,  U.S.  Army  Engineer  Waterways 
Experiment  Station,  Vicksburg,  MS,  p.  10. 

2.  Cargile,  J.D.,  1936,  "Geotechnical  Investigation  for  the  CAR  ES— Dry  Site: 
Laboratory  Test  Results,"  Technical  Report  LS-86-16,  Report  2,  September 
1986,  U.S.  Army  Engineer  Waterways  Experiment  Station,  Vicksburg,  MS, 

?.  18-19,  32. 

3.  Phillips,  B.R.,  1986,  "Geotechnical  Investigation  for  DIRECT  COURSE  and 
Related  Events:  Laboratory  Test  Results,"  Technical  Report  SL-86-18, 
Report  2,  September  1986,  U.S.  Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS,  p.  11-13. 


tent  of  about  7.9  percent.  The  specific  gravity  and  Atterberg  limits  are 
given  in  Table  1  . 


The  undisturbed  CARES-Dry  material  is  predominantly  a  variably  cemented 
brown  clayey  sand  (SC)  with  a  trace  of  small  gravel.  The  specific  gravity  and 
Atterberg  limits  are  given  in  Table  1.  Soil  gradation  data  and  in-situ  water 
contents  are  given  in  Reference  2. 

The  DIRECT  COURSE  undisturbed  soils  are  predominantly  clayey  sands  and 
sandy  clays  interbedded  with  areas  containing  a  gypsum  cement.  Water  contents 
range  from  1.3  to  35.0  percent.  The  variability  in  moisture  content  may  be 
attributed  to  the  stratified  nature  of  the  subsurface  soils,  with  different 
layers  being  of  different  permeability  and  containing  varying  amounts  of  sand, 
clay  and  gypsum  cement. J  The  particle  size  distribution  is  shown  in  Figure 
3.  The  specific  gravity  and  Atterberg  limits  are  given  in  Table  1. 


2.  Cargile,  -J.D.,  1986,  "Geotechnical  Investigation  for  the  CARES-Dry  Site: 
Laboratory  Test  Results,"  Technical  Report  SL-86-16,  Report  2,  September 
1986,  U.S.  Army  Engineer  Waterways  Experiment  Station,  VicKsburg,  MS,  p.  7. 

3.  Phillips,  3.R.,  1986,  "Geotechnical  Investigation  for  DIRECT  COURSE  and 
Related  Events:  Laboratory  Test  Results,"  Technical  Report  SL-86-18,  Report 
2,  September  1986,  U.S.  Army  Engineer  Waterways  Experiment  Station,  Vicks¬ 
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PERCENT  FINER  BY  HEIGHT 


Figure 


GRAIN  SIZE.  MILLIMETERS 


3.  Particle  size  distribution  curve  for  the  undisturbed  DIRECT 
COURSE  sand,  White  Sands  Missle  Range,  New  Mexico  (B.R. 
Phillips,  1986;  reference  3). 


SECTION  3 

SAMPLE  PREPARATION 


Teat  materials  were  shipped  to  Terra  Tek  in  numbered  boxes.  Undi3turoed 
cores  were  capped  with  two  wood  disks  ("packers")  and  jacketed  in  a  thin  (0.3 
mm)  rubber  membrane.  The  cores  were  additionally  wrapped  in  aluminum  foil  and 
labeled  with  a  sample  number.  Appendix  A  outlines  the  handling  procedures  for 
the  undisturbed  cores.  Appendix  B  lists  the  box,  sample  and  boring  numbers, 
and  the  depth  interval  of  each  undisturbed  specimen  used  in  the  test  program. 

Processed  soils  for  remolding  were  shipped  in  large  batches  and  identi¬ 
fied  by  the  sampling  site.  Samples  were  prepared  by  forming  the  loose  soils 
in  to  right  circular  cylinders  in  a  rigid  wall  consolidometer  (uniaxial  compac¬ 
tion).  All  remolded  samples  had  a  target  density  of  1.90  g/cm^  and  a  target 
moisture  content  of  6%  (by  dry  weight),  specified  by  WES.  Water  was  added  to 
the  soils  as  necessary  during  casting  (remolding)  to  achieve  tne  desired 
moisture  content.  Sample  density  was  determined  from  geometrical  and  mass 
measurements,  and  moisture  content  was  determined  following  testing  as  the 
ratio  of  the  weight  of  water  lost  by  oven  drying  to  the  dry  weight  of  tne 
sample.  The  initial  density  of  the  test  specimen,  post-test  moisture  content 
and  the  maximum  axial  stress  applied  during  preparation  is  given  on  corre¬ 
sponding  plots  of  the  test  data. 

All  of  the  remolded  samples  were  lightly  sprayed  with  a  thin  coating  of  a 
wax-like  material  to  protect  the  integrity  of  the  sample  surface  during  hand¬ 
ling.  Some  of  the  poorer  undisturbed  specimens  with  large  voids  along  tne 
surfaces  were  patched  with  epoxy  to  prevent  jacxet  failure  during  testing. 
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SECTION  4 
TEST  PROCEDURES 


4.1  GENERAL. 

All  conventional  mechanical  testa  were  performed  with  two  servo  control¬ 
led  hydraulic  test  frames  using  a  light  refined  oil  inside  the  pressure  vessel 
a3  a  confining  fluid.  Strain  path  tests  were  performed  with  a  computer  con¬ 
trolled  hydraulic  test  frame. 

The  prepared  samples  were  placed  between  hardened  steel  endcaps  and  were 
jacketed  with  a  double  layer  wrap  of  polyurethane  to  prevent  intrusion  of  the 
confining  fluid  into  the  sample  pore  spaces.  The  total  thickness  of  t.ne 
polyurethane  wrap  was  0.5  mm.  The  specimens  were  then  instrumented  with 
strain  transducers  which  measured  axial  strain  and  radial  strain  in  two  ortno- 

gonal  directions.  Specimens  were  deviatoricaliy  loaded  with  an  axial  strain 

-4 

rate  of  1.25x10  /second  for  the  conventional  mechanical  tests  and  at  1  .00x 
10  -vsecond  for  the  strain  path  test3.  Continuous  analog  data  ( X- Y  recorder) 
and  digital  data  were  collected  throughout  each  test. 

4.2  CONVENTIONAL  MECHANICAL  TESTS. 

Conventional  mechanical  tests  consisted  of  cycled  hydrostatic  compres¬ 
sion,  cycled  uniaxial  strain,  and  triaxial  compression  tests.  For  the  cycled 
hydrostatic  compression  tests,  undrained  specimens  were  subjected  to  increas¬ 
ing  and  decreasing  confining  pressure  while  changes  in  the  specimens'  neight 
and  diameter  were  measured.  For  most  tests,  the  confining  pressure  was  suc¬ 
cessively  cycled  to  50,  100,  200,  and  400  MPa,  and  back  to  zero  stress  follow¬ 
ing  each  pressurization .  The  hydrostatic  loading  rate  for  ail  cycled  tests 
was  approximately  0.75  MPa/second. 

In  the  cycled  uniaxial  strain  tests,  undrained  specimens  were  cycled  to 
zero  stress  from  peak  confining  pressures  of  50,  100,  200  and  400  MPa.  An 
axial  load  was  applied  and  constantly  increased  while  the  confining  stress  was 
continuously  adjusted  during  the  cycles  to  maintain  zero  radial  strain.  Five 
tests  were  cycled  only  to  200  MPa  confining  pressure  due  to  the  limits  of  the 
test  frame  pressure  vessel,  and  one  t°st  was  only  cycled  to  100  MPa  due  to  j 
jacket  failure.  Those  pests  are  indicated  in  Table  6  isee  footnotes  i  and  b). 

Triaxial  compression  test  specimens  were  tested  undrained  and  subjected 
to  a  constant  hydrostatic  confining  pressure  of  either  50,  100,  200,  or  400 
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MPa.  After  the  desired  confining  pressure  was  attained,  a  de viator. ?  stress 
was  applied  until  either  the  specimen  failed  or  trie  limits  of  tne  strain 
transducers  were  exceeded.  Taoie  7  identifies  the  specimens  that  fa;  l^.-j  and 
those  that  reached  the  limits  of  the  strain  transducers  (see  footnote j  a  and 
b) . 

4.3  STRAIN  PATH  TESTS. 

The  strain  paths  were  designed  to  represent  strain  histories  experienced 
by  soil  elements  undergoing  explosion  induced  ground  motions.  Tr.e  teasing 
apparatus  used  for  tne  strain  path  tests  was  a  computer  control >d  tri axial 
loading  frame  with  a  pressure  vessel  limit  of  100  MPa.  A  Digital  Eqiipment 
Computer  (DEC)  PDP  MINC  11  was  interfaced  to  the  triaxial  loading  fr’ame  fan 
controlling  the  axial  and  confining  pressures.  During  testing,  the  sample  was 
strained  by  continuous  adjustment  of  tne  confining  and  deviatorio  stresses. 
The  cnanges  in  stress  reqjlred  to  go  from  one  point  on  tne  strain  path  to  tne 
next  were  calculated  by  the  computer  using  tne  generalized  Hooxe's  law. 

Two  strain  paths  were  investigated ,  identified  as  paths  2  and  7,  each 
having  two  levels  of  strain  magnitude.  Fatn  2  represents  deep  far-fieij  and 
path  3  deep  near-field  stress  conditions  in  tne  vicinity  of  a  buriej  iign- 
explosiv?  test.  A  total  of  four  strain  paths  were  followed  and  are  identified 
as  the  2A,  2B,  3A  and  3C  paths.  Strain  path  23  is  a  replicate  of  2A  out  with 
twice  the  strain  magnitudes.  Similarly,  strain  path  3C  is  a  replicate  of  3A 
but  with  three  times  the  strain  magnitudes. 

The  strain  paths  were  modeled  by  piece-wise  continuous  linear  segments. 
Figures  4-7  show  the  piece-wise  continuous  segments  forming  strain  patns  2 A, 
2B,  3A  and  3C ,  respect i v«ly .  Twenty-three  segments  were  usej  to  mod*1!  strain 
paths  2A  and  2B.  Taoie  2  Ii3t3  tne  axial  and  radial  strains  for  •»  tch  segment 
of  paths  2A  and  2B.  Ten  segments  w°re  used  to  model  strain  paths  3 A  and  31, 
and  Taoie  3  lists  tne  axial  and  radial  strains  for  earn  segment  of  strain 
paths  3A  and  3C.  In  both  taolus ,  compression  is  positi  ve  m  d  eXp  ms.  on  is 
negative . 

4.4  TEST  MATRIX. 

The  number  of  tests  that  were  performed  an  d  the  nominal  tJst  ape  ■>imen 
sizes  for  e  ic.h  material  and  test  type  .are  given  in  Table  a.  Tne  results  of 
those  t e s 1 3  are  discussed  in  tne  following  sections. 


Segment 


PATH  2A 


PATH  2B 


Segment 

£A 

CT 

£a 

CT 

1 

5.070 

-0.04952 

10.14 

-0.09905 

2 

7.559 

-0.22480 

15.12 

-0.4495 

3 

10.050 

-0.40760 

20.10 

-0.8152 

4 

12.550 

-0.62860 

25.1 0 

-1  .2570 

5 

15.040 

-0.93330 

30.08 

-1  .867 

6 

17.540 

-1 .3950 

35.08 

-2.690 

7 

20.020 

-1 .8020 

40.03 

-3-604 

8 

22.510 

-2.4190 

45.01 

-4.833 

9 

24.970 

-3.280 

49.94 

-6.560 

10 

25.170 

-3.399 

50.33 

-6 . 697 

1 1 

25.330 

-3.948 

50.67 

-6.395 

12 

25.560 

-3.539 

51  .1 1 

-7.078 

13 

25.750 

-3.699 

51  .50 

-7.398 

14 

25.950 

-3.935 

51  .39 

-7.370 

15 

25.750 

-4.194 

51  .50 

-8.389 

16 

25.560 

-4.331 

51.11 

-8.663 

17 

25.330 

-4.499 

50.67 

-3.998 

18 

25.140 

-4.590 

50.28 

-9.131 

1  9 

24.940 

-4.690 

49.39 

-9.379 

20 

22.440 

-5.737 

44.88 

-1 1 .570 

21 

20.230 

-6.495 

40.45 

-12.990 

22 

12.410 

-2.541 

24.81 

-5.082 

23 

21 .720 

-7.265 

43.45 

-1  4.530 

♦Compression 

is  positive, 

expansion  i3 

negative . 

e,  -  Axial  Strain 

A 

-  Radial  Strain 


■»n  p.i 


Table  .  Number-  of  teats  performed  and  n'-minal  teat  specimen  size  for  tne  mechanical  test  program 


SECTION  5 
TEST  RESULTS 

5.1  GENERAL. 

The  test  results  are  illustrated  by  a  series  of  data  plots  that  follow 
the  appendices  and  are  discussed  in  subsequent  sections.  The  conventional 
mechanical  tests  are  discussed  first,  followed  by  the  strain  path  tests. 

5.2  CYCLED  HYDROSTATIC  COMPRESSION  TESTS. 

The  cycled  hydrostatic  compression  test  data  are  presented  as  plots  of 
confining  pressure  versus  volumetric  strain  in  Plates  1-11  and  tne  res  ilt3  are 
summarized  in  Table  5.  The  volumetric  strain  was  calculated  from  axial  and 
radial  strain  data  oy  the  following  equation: 

dV  -  .  2  2 

v  2it  *  '  lr  -ilt~a  *  £t  £a 

where:  dV/V  =  fractional  decrease  in  volume 

c .  =  axial  strain 

A 

eT  *  radial  strain 

Additionally,  the  slope  of  tne  confining  p-essu-e  .-a-aus  /olur.ef'i  •>  3',- air. 
curve  is  the  bulk  modulus.  Tne  bilk  moduli  are  reported  in  Table  3. 

Plates  1-3,  4-6,  7-3  and  3-11  are  tne  respect! /e  pmts  of  tne  re. nol  le j 

Nellis  3asei me  sand  (NV)  ,  remolded  CARES-D-y  sar.d  .  RD :  ur.  1  i  .3 1  u- be  d  1ARES- 

Dry  sand  (1JDC )  and  tne  undisturbed  DIRE  IT  lOJRVE  sue.  1  •  JWc  •  .  Tne  rum-*”  .cal 
suffix  attached  to  each  material  abbreviation  in  Tide  5  ,der.f. '..>3  tr.e  corre¬ 
sponding  plotted  test  data.  Table  5  lists  tne  test  1  lent .  •’  1  ->at .  0  n ,  sample 
material  identification ,  tne  initial  -density ,  post-teat  moisture  content, 
maximum  volumetric  strain  attained  dicing  earn  cycle,  an  d  permanent  comp  1  't  1  or. 
at  tne  end  of  tr.e  cycle  for  earn  specimen.  Tr.e  permanent  compact i or  is  the 
lev®:  of  volumetric  strain  that  regains  after  the  •> jr.fi ring  stress  on  tr.e 
sample  r.as  been  removed. 

The  most  prominent  feature  >f  tr.e  cycled  ny  i-'ost  at  1  ■*  oompr'eqs  ;  or.  tests  i: 
tne  abrupt  cnange  of  slope  in  tne  confining  p'  -Msu.-e-voi  rr.et-ic  at- am  0  ;•> 
an  j  tr.e  linear  nature  tnereaf  ter  f  ">r  o  >th  tr.e  rem">l  je-<  'ppc  Baseline  sir.: 
and  the  refolded  lAHEf -Dry  land  (Plates  1--;  .  Tne  NV  c,a- d  .  - .  •  tc.s 
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Denavior  at  a  volumetric  strain  of  approximately  17-13?  and  the  HDC  at  approx¬ 
imately  13-20?.  The  slope  of  the  linear  portion  of  tne  curve  is  similar  for 
both  materials.  This  type  of  strain  response  suggests  that  the  change  in 
slope  occurs  at  the  point  where  most  of  the  intergranular  air  voids  have  been 
reduced  in  size  by  compaction  and  tne  sample  has  become  fully  saturated.  The 
confining  stress  is  thereafter  supported  not  only  oy  the  grain  strength,  but 
also  oy  the  pore  fluid  pressure.  The  magnitude  and  linearity  of  tne  slope 
tends  to  support  this  interpretation.  Similar  behavior  is  seen  in  the  nydro- 
static  portion  of  the  triaxial  compression  tests. 

The  abrupt  transition  in  the  volumetric  strain  response  is  not  observed 
for  the  undisturbed  CARES-Dry  and  DIRECT  COURSE  materials.  Instead,  a  con¬ 
tinuous  change  in  slope  is  observed,  even  as  peak  confining  stresses  are 
approached.  The  difference  in  behavior  may  be  due  to  the  lower  moisture 
content  of  the  undisturbed  CARES-Dry  specimens  and  the  higher  void  ratio  of 
the  undisturbed  White  Sands  specimens,  and  neither  of  tne  undisturbed  mater¬ 
ials  appear  to  have  reached  full  saturation. 

RDC  and  UWS  sands  have  the  largest  volumetric  strains  and  permanent 
compactions.  Volumetric  strains  were  tne  smallest  for  UDC,  which  is  related 
to  tne  higher  dry  density.  3otn  of  tne  remolded  material  types  exhibit  less 
variability  than  tne  undisturbed  core.  The  group  averages  of  the  maximum 
volumetric  strains  and  permanent  compactions  attained  during  each  cycle  were 
computed  for  the  four  material  types  and  are  reported  in  Table  3  as  the  mean 
value.  The  mean  values  are  pLotted  against  confining  pressures  in  Figures  3- 
9.  The  plots  illustrate  tne  general  compressive  properties  of  the  four  mater¬ 
ial  types  and  indicate  that  for  all  four  materials  tne  void  spaces  compress 


rapidly  from  approximately  D  to  100  MPa  confining  stress,  probably  oec 
filled  with  pore  fluid  or  rearrange  i  and./  or  crushed  granular  particles, 
tne  hydrostatic  Load  is  increased  from  1 00  to  400  MPa,  tne  matrix  becomes 
tightly  paekei  and  there  is  an  increasingly  stiffen  response.  The  rem 
specimens  3  re  stiffen  t.n.an  tne  an  iisturoe J  specimens  it  signer  c.oof 
stresses  due  to  saturation.  Permanent  compactions  are  nearly  is  large  a 
volumetric  strains  at  each  cycle,  indicating  that  the  gran  liar  frame  war 
progress i vely  destroyed  or  inelasttcally  altered. 

Some  anomalous  behavior  is  observed  m  tne  hydrostatic  oompress :  >•; 
UWS  3  (Plate  11).  During  tne  cycle  from  1:0)  MPa  t  .:-ro  sf'ess  f.  i  .  n  tn 
MPa  cycle,  tne  confining  pressure-volumetr  ie  strain  •  jrve  snow.-,  r;e.<s 


omi  .ng 
As 
more 


■’am 


so  o  ws 


CONFINING  PRESSURE  (MPa)  £  CONFINING  PRESSURE  (MPa) 


strain  reversals.  At  several  points  on  the  curve,  the  volumetric  strain 
increases  as  the  confining  stress  decreases,  and  on  the  400  MPa  cycle,  the 
volumetric  strain  decreases  as  the  confining  stress  increases.  This  behavior 
may  be  attributable  to  placement  of  the  radial  strain  transducers  on  locally 
deforming  areas  of  the  specimen  where  large  grains  of  gravel  may  have  shifted 
under  the  transducer  contacts,  causing  irregular  strain  measurements.  Alterna¬ 
tively,  the  axial  strain  transducers  may  have  been  affected  by  skewed  endcap 
deflection  caused  by  irregular  specimen  deformation. 

5.3  CYCLED  UNIAXIAL  STRAIN  TESTS. 

The  cycled  uniaxial  strain  test  results  are  summarized  in  Table  6,  and 
for  each  test  the  data  are  graphically  illustrated  by  four  plots  (Plates  12- 
59).  The  four  plots  present  axial  stress  versus  axial  strain,  principal 
stress  difference  versus  principal  strain  difference,  principal  stress  differ¬ 
ence  versus  mean  normal  stress,  and  confining  pressure  versus  the  volumetric 
strain.  Plates  12-23,  24-35,  36-47  and  43-59  are  the  respective  plots  of  the 
test  data  for  the  NV,  RDC ,  UDC  and  UWS  materials.  The  numerical  3Uffix  attach¬ 
ed  to  the  material  abbreviation  in  Table  6  identifies  the  corresponding  plot¬ 
ted  test  data. 

Table  6  lists  the  test  specimen,  the  initial  density,  post-test  moisture 
content,  the  constrained  secant  moduli  at  50,  100,  200,  300  and  400  MPa  axial 
stress,  the  equivalent  shear  moduli  at  20  and  40  MPa  principal  stress  differ¬ 
ence  for  the  NV  samples,  at  20  MPa  for  the  RDC  samples,  and  at  50  and  100  MPa 
for  the  undisturbed  samples,  the  stress  ratio,  K  ,  and  Poisson’s  ratio,  \>.  XQ 
and  \>  were  calculated  for  the  first  cycle  to  50  MPa  confining  pressure. 

The  constrained  modulus,  was  calculated  from  the  slope  of  the 

secant  on  the  axial  stress  versus  axial  strain  plot.  An  equivalent  shear 

modulus  for  uniaxial  strain  conditions,  G  =  1/2  o./e.,  was  calculated  from  the 

d  A 

plot  of  principal  stress  difference  versus  principal  strain  difference  where 
the  principal  strain  difference  i3  and  =  0.  KQ,  tne  ratio  of 

horizontal  to  vertical  stress,  and  Poisson's  ratio,  u,  were  calculated  from 
the  plot  of  principal  stress  difference  versus  mean  normal  stress  using  the 
following  equations: 


Table  6.  Uniaxial  Strain  Test  Results 


ECT  COURSE  Sand,  White  Sands  Missile  Range,  New  Mexico 


Principal  Stress  Difference 
Mean  Normal  Stress 
Slope  of  Curve 
Ratio  of  Stress 
Poisson's  Ratio 


°d  =  °1  ‘  °3 
a  =  (a.  +  2a,)/ 3 

m  i  3 

x  =  a./o 
d  m 

Kq  =  a  /o1  =  (3-x)/(3+2x) 

v  =  K  /(K  +1 ) 
o  o 


An  equivalent  bulk  modulus  for  uniaxial  strain  conditions,  K,  was  calcu¬ 


lated  using  the  following  equation: 


Bulk  Modulus 


K  =  o  /e  =  (o  /e  )/(o./o  ) 
m  A  d  A  dm 


The  bulk  moduli  are  reported  at  the  end  of  Test  Results  section  in  Taole  8. 

The  constrained  moduli  are  larger  and  more  uniform  for  the  remolded 
specimens  than  for  the  undisturbed  specimens.  At  50  MPa,  the  respective 
averages  and  standard  deviations  are  1030  MPa  and  104  for  NV,  940  MPa  and  191 
for  RDC ,  1010  MPa  and  236  for  UDC,  and  780  MPa  and  26  for  UWS.  For  axial 
stress  above  50  MPa,  the  remolded  samples  behaved  similarly.  The  constrained 
moduli  are  uniform  from  100  to  400  MPa  and  the  respective  averages  are  43.4 
and  48.1  GPa  and  the  standard  deviations  are  14  and  13  GPa  for  NV  and  RDC. 

The  undisturbed  samples  have  greater  variation.  The  averages  for  100  MPa 
are  1800  and  1560  MPa  with  standard  deviations  of  660  and  330  for  UDC  and  UWS, 
respectively.  For  200  MPa,  the  averages  and  standard  deviations  are  4460  MPa 
and  1500  for  UDC  and  3480  MPa  and  1140  for  UDC.  The  averages  for  300  MPa  are 
7490  MPa  with  a  standard  deviation  of  990  MPa  for  UDC  and  3140  MPa  with  a 
standard  deviation  of  2450  MPa  for  UWS.  One  specimen  from  UDC  (UDC1 ,  Table  6) 
did  not  reach  300  MPa.  There  are  no  averages  for  the  UDC  and  UWS  samples  at 
400  MPa. 

The  shear  moduli  are  uniform  within  each  material  group.  The  shear  moduli 
for  the  NV  samples  were  calculated  at  20  and  40  MPa  principal  stress  differ¬ 
ence  and  at  20  MPa  for  tne  RDC  samples.  At  20  MPa,  the  NV  material  nas  an 
average  of  177  MPa  with  a  standard  deviation  of  11.5,  and  at  40  MPa,  tne 
average  is  1 3 60  MPa  with  a  standard  deviation  of  377.2.  The  average  value  at 
20  MPa  for  RDC  is  240  MPa  with  a  standard  deviation  of  55.7.  The  averages  for 
the  undisturbed  specimens  at  50  MPa  are  457  and  357  MPa  with  standard  devia¬ 
tions  of  247  and  64.3  for  UDC  and  UWS,  respectively.  The  respective  averages 
for  UDC  and  UWS  at  100  MPa  are  917  and  947  MPa  with  standard  deviations  of 
521.8  and  514  MPa. 
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K0,  the  ratio  of  horizontal  to  vertical  stress,  was  determined  a3  previ¬ 
ously  explained,  for  the  first  uniaxial  strain  cycle  to  50  MPa  confining 
pressure.  The  averages  and  standard  deviations  of  KQ  are  0.41  and  0.021,  0.51 
and  0.01,  0.48  and  0.028,  and  0.56  and  0.0 56  for  NV,  RDC ,  UDC  and  UWS,  respec¬ 
tively  . 

The  average  values  for  Poisson's  ratio  are  0.29,  0.34,  0.32,  and  O.36 
with  standard  deviations  of  0.011,  0.006,  0.007  and  0.026  for  NV,  RDC,  UDC  and 
UWS,  respectively. 

Examination  of  the  stress  difference  versus  mean  normal  stress  plots 
reveals  marked  differences  in  stress  difference  levels  achieved  by  the  undis¬ 
turbed  and  remolded  test  specimens.  The  deviatoric  stresses  ar»  larger, 
although  more  variable,  in  the  undisturbed  samples.  Thi.s  same  trend  was 
observed  in  the  triaxial  compression  tests,  and  is  consistent  with  the  inter¬ 
pretation  that  the  remolded  samples  became  fully  saturated  during  compression. 

Uniaxial  strain  test  No.  RDC 2  indicates  a  negative  stress  in  the  axial 
stre3s-axial  strain  plot  (Plate  28)  which  may  be  construed  as  a  negative 
deviatoric  stress  (extensions!  stress  state).  The  test  equipment  used  for  the 
uniaxial  strain  tests  is  not  capable  of  producing  extensional  forces ,  and  it 
is  suspected  that  a  voltage  offset  in  tne  deviatoric  load  transducer  occurred 
during  the  test.  The  voltage  offset  was  likely  due  to  technician  error,  since 
subsequent  load  transducer  calibrations  and  test  data  did  not  reveal  any 
further  measurement  errors. 


5.4  TRIAXIAL  COMPRESSION  TESTS. 

The  triaxial  compression  test  data  are  presented  grupnieally  by  two  plots 
for  each  test  in  Plates  60-85,  and  the  results  are  summarized  in  Table  7.  The 
first  plot  is  for  tne  data  acquired  during  tne  hydrostatic  loading  portion  of 
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Plates  60-65,  66-71,  72-77  and  78-35  i"e  the  i  v«»  plots  o'"  tne  N 7 , 

RDC,  UDC  and  UWS  triaxial  compression  test  data.  Tne  numer i  -m  1  suf “i x  itt  tch- 
ed  to  the  material  abbreviation  ir.  Table  7  identifies  tne  cor  re.-,  pur.  1 .  -  pl  ot¬ 
ted  test  data.  Table  7  lists  tne  initial  sample  density ,  post-tost  t.  oat. re 
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pression,  maximum  deviatoric  stress  at  fail '.ire,  secant  Young's 


modulus,  and 


the  strain  ratio,  The  maximum  deviatoric  stress  was  taken  to  oe  t.ne 


peak  stress  difference  at  failure,  or  when  the  limits  of  t.ne  transducer’s  were 
reached.  The  bulk  moduli  obtained  from  the  hydrostatic  portion  of  each  test 


are  given  in  Table  8  following  this  section. 


The  maximum  volumetric  strains  were  obtained  from  the  peak  hydrostatic 


load  portion  of  each  test  and  are  similar  to  those  obtained  from  the  cycled 
hydrostatic  compression  tests  at  similar  confining  pressures.  Deviatorio 


failure  stresses,  Young's  moduli  and  the  strain  ratios  were  determined  from 


the  triaxial  portion  of  the  test.  Young's  modulus  is  calculated  from  the 


secant  in  the  first  linear  portion  of  the  stress  difference  versus  axial 


strain  curve  plotted  from  the  triaxial  compression  portion  of  the  test.  The 


average  values  for  Young'3  modulus  are  3963,  2296,  281  6,  and  1693  MP.  with 
standard  deviations  of  1239,  31  5,  1929  and  812  MPa  for  NV,  RDC ,  UDC  and  "JWS, 


respectively. 


The  strain  ratio  was  calculated  using  the  corresponding  linear  portion  of 


the  stress  difference  versus  radial  strain  and  axial  strain  curves.  The  aver¬ 


age  values  and  standard  deviations  for  the  material  groups  are:  0.31  and 

0.065  for  NV,  0.44  and  0.040  for  RDC,  0.25  and  0.095  for  UDC,  and  9.23  and 


0.074  for  UWS. 


The  shear  strength  of  the  remolded  30ils  does  not  appear  to  be  signifi¬ 
cantly  affected  by  an  increase  in  confining  pressure  once  the  confining  stress 


region  that  corresponds  with  the  linear  portion  of  the  hydrostatic  stress 


curve  nas  been  reached.  Thi3  is  consistent  with  full  saturation  of  t.ne  pore 


space  and  subsequent  benavior  according  to  tne  effective  stress  law.  In  tnj 


signer  stress-strain  regions,  the  effective  stre33  should  be  increasing  much 


more  slowly  than  total  streso ,  end  the  3 near  strength  should  therefore  oe  only 


minimally  dependent  on  tne  confining  pressure. 


Tne  undisturbed  specimens  tend  to  nave  a  signer  3 near  strep.gt: 


remolded  specimens,  but  they  also  exni nit  greater  variani Lit/ . 


5.5  SUMMARY  OF  BULK  MODULI  COMPILED  FROM  ROUTINE  ME  1HANI  1AL  TEST.' . 


The  oulk  moduli  cal-'  listed  from  tne  routine  me-'nar i-al  teats  are  mt,’.  > 


3.  T.ne  ou  1  <  moduli  increased  is  tne  onf „nir>g  p-'ejsu- 


Some  samples  in  t.ne  RDC  group  reamed  pe3g  moduli  val  ie.3  at  ’  0  0  M-  a 


pressure,  while  most  other  samples  peu^ej  at  ?00  MPa.  Tne  0.1 1  •<  mod 
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undisturbed  samples  remained  quite  low  at  nign  confining  pressure  compared  to 
the  remolded  samples. 


5.6  STRAIN  PATH  TESTS. 

Strain  path  data  are  graphically  presented  by  four  plots  for  each  test 
(Plates  86-273).  which  show  radial  versus  axial  strain,  principal  stress 
difference  versus  mean  normal  stress,  principal  stress  difference  versus 
principal  strain  difference,  and  volumetric  strain  versus  principal  strain 
difference.  Plates  86-149,  150-197,  198-241,  and  242-273  are  the  respective 
plots  of  the  NV,  RDC ,  UDC  and  UWS  strain  path  data.  Table  9  lists  the  sample 
ident i f icat ion ,  density  and  post-test  moisture  contents  for  the  strain  path 
test  specimens. 

The  first  plot  mentioned,  radial  versus  axial  strain,  shows  the  strain 
path  actually  followed  by  the  sample.  The  dashed  line  in  the  radial  versus 
axial  strain  plots  is  the  intended  strain  path  and  the  solid  line  indicates 
the  path  that  was  actually  followed.  The  initial  hydrostatic  preload  is  not 
shown  on  the  plot  and  the  zero  strain  point  was  taken  to  be  the  start  of  the 
strain  path  test.  The  remaining  plots  include  data  from  the  stress-strain 
response  of  the  sample  during  the  hydrostatic  preload.  The  beginning  of  the 
hydrostatic  preload  is  marked  as  point  A.  The  end  of  the  preload  and  the 
beginning  of  the  strain  path  loading  is  denoted  as  point  3. 

Hydrostatic  preloads  were  generally  between  5.8  MPa  and  7.0  MPa.  Th° 
preload  stresses  were  applied  to  create  an  initial  volumetric  strain  in  order 
to  store  enough  strain  energy  to  allow  the  strain  paths  to  be  followed  into 
the  region  of  radial  strain  reversal .  Larger  preload  stresses  were  applied  to 
specimens  that  initially  had  3mail  voKunetric  strain  responses. 

Despite  the  initial  hydrostatic  preioad3,  strain  paths  2A  and  23  could 
not  be  followed  to  completion.  The  principal  stress  difference  or  confining 
pressure  always  became  zero  before  the  strain  path  traverse  reached  the  point 
of  radial  strain  reversal.  Tnere  was  not  enough  elastic  strain  energy  to 
allow  the  specimen  to  rebound  sufficiently,^  Completion  of  the  strain  path 
traverse  would  have  required  tne  specimens  to  be  subjected  to  tensile  stres¬ 
ses.  Fewer  difficulties  were  encountered  in  following  strain  paths  3A  and  3C; 

4.  Akars  ,  S.  A.  ;  "Axisymir.etri  ■»  Strain-Path  and  Stress-Path  Tests  on  CARES -Dry 
Clayey  Sand,”  Technical  Report  SL-86-23.  September  1986,  U.S.  Army  Engineer 
Waterways  Experiment  Station,  Vicwsburg,  MS,  p.  40. 
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Table  9.  Iden 
stra 


Specimen  I.D.  j 

Box  # 

Sample  // 

Remolded 

Sand 

Remolded 

Sand 

Remolded 

Sand 

Remolded 

Sand 

Remolded 

Sand 

Remolded 

Sand 

Remolded 

Sand 

Remolded 

Sand 

Remolded  Nellis  Valley  Baseline  Sand,  Nellis  Air  Force 
Range,  Nevada 

Remolded  CARES-Dry  Sand,  Luke  Bombing  and  Gunnery  Rang 
Ar i zona 


Table  9.  Identification,  density  and  moisture  contents  for 
strain  path  test  specimens  (continued). 


Strain 

Test 

Specimen  I.D. 

Density 

Post-Test 

Path 

I.D. 

Box  # 

Sample  It 

(g/cm^) 

Moisture  {%) 

2A 

UDC  1 

15 

2 

1  .76 

0.91 

UDC2 

17 

5 

1  .71 

1  .00 

UDC  3 

15 

4 

1 .84 

0.85 

2B 

UDC  1 

16 

4 

1  .81 

2.07 

UDC2 

18 

1 

1  .92 

3.55 

3A 

UDC  1 

17 

1 

1  .89 

1  .92 

UDC2 

17 

2 

1  .96 

1  . 45 

UDC3 

17 

4 

1  .95 

0.96 

3C 

UDC1 

1  5 

1 

1  .94 

2.16 

UDC2 

15 

3 

1  .96 

1.19 

UDC3 

16 

2 

1  .82 

0.63 

2A 

UWS1 

1 

1 

1  .99 

3.62 

UWS2 

1 

3 

l  .68 

12.93 

UWS3 

2 

1 

* 

# 

2B 

UWS1 

6 

5 

1  .90 

9.70 

3A 

uwsi 

2 

4 

i  .91 

6.58 

UWS  2 

2 

3 

1  .79 

8.26 

UWS  3 

3 

3 

1  .72 

12.37 

3C 

UWSI 

6 

1 

1  .96 

5.64 

*Data  unavailable 

UDC  -  Undisturbed  CARES-Dry  Sand,  Luke  Bombing  and  Gunnery  Range, 
Ar i zona . 

-  .ndisturbed  DIRECT  COURSE  Sand,  White  Sands  Missile  Range, 
New  Mexico. 


uws 


only  three  tests  could  not  he  followed  to  completion.  Tests  NV’.  31.  Till  ;A, 
and  UWS1  3C  were  the  only  type  3  strain  path  tests  t.nat  were  not  completely 
traversed . 

Results  of  the  strain  path  tests  show  a  qualitative  consistency  among  the 
four  material  types,  and  the  magnitudes  of  the  stresses  ana  strains  are  typic¬ 
ally  similar  from  sample  to  sample  within  eac.n  material  group.  T.ne  Nellis 
Baseline  sand  displays  the  stiffest  response,  requiring  greater  deviatoric 
loads  to  follow  the  desired  strain  paths,  which  may  Pe  explained  oy  the  larger 
Young's  moduli  for  the  material,  as  determined  from  t.ne  tri axial  compression 
tests.  In  tne  type  2  strain  path  tests,  plots  of  the  principal  stress  differ¬ 
ence  versus  the  principal  strain  difference  snow  a  characteristic  pattern  in 
the  NV  sand  response.  In  Doth  2A  and  2B  strain  patns,  tne  specimens  strain 
very  little  (1-2$  strain  difference)  during  loading  to  a  stress  difference  of 
5  to  7  MPa,  followed  by  increased  shear  strain  witn  minimal  additional  load. 

The  RDC ,  UDC,  and  'JWS  materials  behave  similar  to  each  other  in  tne  type 
2  strain  path  tests,  out  unlixe  the  NV  samples,  the  principal  stress  differ¬ 
ence  versus  principal  strain  difference  curves  are  nearly  linear  for  almost 
tne  entire  loading  portion  of  tne  test.  The  stress-strain  responses  are 
similar  among  the  three  groups,  althougn  the  UDC  has  a  3lxghtly  stiffer  re¬ 
sponse  than  the  RDC  material. 

Greater  variability,  botn  among  and  between  groups,  is  seen  in  the  type  3 
strain  path  tests,  although  the  overall  results  are  similar  to  the  type  2 
strain  paths.  The  NV  material  is  generally  stiffer  than  tne  others,  and  tne 
UDC  nas  a  greater  stress  response  than  the  RDC. 


*  4 


K/  «.  «.  *. 


SAMPLE  HANDLING  INSTRUCTIONS  FOR  UNDISTURBED 
CARES-DRY  AND  DIRECT  COURSE  MATERIAL1 


1.  Cut  the  box  and  foam  rubber  from  around  the  sample  to  remove  it  from  the 
box.  Pulling  the  sample  from  the  box  may  damage  it. 

2.  Re-tape  the  box  for  storage  of  the  remaining  samples. 

3.  Freeze  the  samples  before  attempting  to  remove  the  aluminum  foil  and  wood 
packers . 

4.  To  remove  the  wood  packers: 

a)  Turn  the  sample  upside  down  in  order  to  remove  the  base  packer  first. 

b)  Unfold  the  portion  of  the  membrane  which  was  folded  over  the  rubber 
bands . 

c)  Carefully  cut  the  membrane  where  the  packer  and  sample  meet. 

d)  Place  the  base  on  the  sample  and  turn  the  sample  upright. 

e)  Repeat  steps  b  and  c  and  place  the  top  cap  on  the  sample. 


NOTE:  It  is  recommended  that  the  membrane  not  be  completely  removed  from  the 

sample.  Removal  could  result  in  material  falling  off. 


1.  Memo  from  James  D.  Cargile,  March,  1983. 
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UNDISTURBED  DIRECT  COURSE  (UWS)  CORE  SAMPLES 


Box 

Number 

Sample 

Number 

Boring 

Number 

1 

1 

21 

1 

3 

21 

2 

1 

21 

2 

3 

25 

2 

4 

29 

3 

3 

25 

4 

1 

21 

4 

2 

21 

4 

4 

26 

5 

2 

31 

5 

3 

21 

5 

4 

34 

5 

5 

32 

6 

1 

34A 

6 

5 

23 

22 

2 

28 

23 

5 

24 

23 

6 

25 

Depth  to  Center  of 
Specimen  (meters) 

9.3 

2.0 

5.4 

5.7 

6.5 

12.3 

15.5 

9.7 

2.2 

14.1 
1  .4 

12.4 

24.6 

23-3 

5.0 

3-3 

1  .0 
1  .0 
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